A nested PCR was used for the detection of human cytomegalovirus (HCMV) DNA in plasma. The presence of HCMV DNA and its correlation to pp65 leukocytic antigenemia were investigated with 299 blood samples from 45 organ transplant recipients and 63 AIDS patients. Of the 53 samples positive by nested PCR, 52 (98%) were also positive for leukocytic antigenemia and 23 had high levels of antigenemia (>50 positive cells per 2 x 105 leukocytes). Of the 246 samples negative in PCR, only 3 (1.2%) had highly positive antigenemia. For 15 patients having a high antigenemia level in the course of their disease, consecutive blood samples were studied and also assessed for viremia in culture. The extent to which HCMV DNA, detected by PCR, was present in plasma correlated with increased levels of HCMV leukocytic antigenemia for six of the eight AIDS patients and for all the organ transplant recipients. Positivity for HCMV DNA in PCR and for viremia in cell culture was usually restricted to the highest antigenemia levels. From a total of 69 blood samples, PCR and culture gave positive results, respectively, for 17 of 32 samples (53%) and 14 of 32 samples (43%) from transplant recipients and for 15 of 37 samples (40%) and 9 of 37 samples (24%) from AIDS patients. Our findings have shown a strong correlation between high levels of leukocytic antigenemia and HCMV DNA in plasma. The detection of HCMV DNA in plasma by this nested PCR can prove HCMV dissemination in blood, but it lacks the rapidity and simplicity of the leukocytic pp65 antigenemia procedure.
Human cytomegalovirus (HCMV) viremia is a marker of disseminated infection in immunosuppressed patients for whom the diagnosis of HCMV infections is clinically difficult. As polymorphonuclear leukocytes appear to be the major carriers of virus in blood (3), the procedures for the detection of HCMV viremia include viral isolation, direct viral antigen staining, and nucleic acid detection. The shell vial assay, faster than routine culture, is commonly used for the diagnosis of HCMV viremia (8, 13) . The rapid immunologic detection of HCMV pp65 antigen in leukocytes is an early indicator of active HCMV infection (15, 21) , and high antigenemia levels are usually related to symptomatic infections (5, 20, 21) . Detection of HCMV DNA in leukocytes by PCR has also been proved to be an early indicator of active infection, more sensitive than culture or the presence of antigenemia (1, 7, 10, 17, 24) . More recently there have been reports on the detection of HCMV DNA in plasma and serum (2, 9, 18, 25) .
We investigated, by a nested PCR, the presence of HCMV DNA in 299 plasma samples from 109 patients (46 organ transplant recipients and 63 AIDS patients) and its correlation to pp65 leukocyte antigenemia. For 15 patients who in the course of their disease had antigenemia related to a disseminated infection (.40 positive cells per 2 X 105 leukocytes) consecutive blood samples were tested, and a comparison with levels of viremia in leukocyte culture was also made. HCMV antigen detection was done in our laboratory (5) with minor modifications to the reported procedures (15, 22 ,ug/ml, and the mixture was incubated for 60 min at 56°C. Proteinase K was then inactivated by heating for 10 min at 95°C; this was followed by centrifugation for 10 min at 12,000 rpm. PCR amplification was performed within the conserved region of the immediate-early (IE) gene. The outer primer set and MG2, and the buffer system: 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl,, and 0.01% (wt/vol) gelatin. The reaction was performed in an automated thermal cycler (Hybaid). The tubes were preheated for 10 min at 94°C before 40 incubation cycles of 1 min at 94°C, 1 min at 55°C, and 2 min at 72°C and, at the end, 8 min at 72°C. A 4-,ul portion of the first amplification product diluted 80 times was amplified in a 50-pl new reaction mixture with Taq polymerase, the 4 deoxynucleoside triphosphates, the inner primers (IEI and IE2) at 0.4 p.M each, and the buffer system. Thirty incubation cycles of 1 min each at 94°C, 55°C, and 72°C were performed. The final PCR products were analyzed by electrophoresis on agarose gel stained with ethidium bromide on a UV light box. Contamination was rigidly controlled as recommended by performing plasma preparations and preparing PCR products in separate laboratory rooms (12) . All plasma preparations and reactions were performed with known negative and positive controls. Each blood sample was tested in duplicate. When discrepancies were observed between the results of the duplicates, plasma samples were subsequently retested twice. To evaluate the presence of contaminating cellular DNA we amplified the 3-globin gene in 25 plasma samples positive for antigenemia (16) .
To prepare HCMV DNA from plasma we used the technique described by Ishigaki et al., which is simple, rapid, and without any procedure of phenol-chloroform extraction (9 patients, the correlation between increasing levels of antigenemia and a specific HCMV organ disease was confirmed in only four cases (Table 2) . Among the seven transplant recipients, the association was found in only three (Table 3) . However, two kidney recipients were monitored for only 2 weeks, and later development of disease cannot be excluded. If a high antigenemia level reflects an intensive HCMV infection, one should observe an HCMV load in the systemic circulation. The presence of increased HCMV DNA in plasma correlated with increased levels of HCMV leukocytic antigenemia in six of the eight AIDS patients and in all the organ recipients. In most cases the detection of HCMV DNA in plasma was restricted to the highest antigenemia levels. However, for some patients (no. 2, 5 , and 12 to 15) HCMV DNA in plasma was detected 1 or 2 weeks before the peak of antigenemia. For four patients (no. 1, 4, 12, and 13) the PCR result remained positive with a low antigenemia level. On the other hand, two AIDS patients (no. 6 and 8) had a negative PCR result in spite of high antigenemia levels: 42 and >50 positive cells, respectively. Thus, nested PCR has the capability to detect HCMV DNA in plasma of blood samples from patients with high levels of HCMV pp65 leukocytic antigenemia. For organ transplant recipients, two studies reported a correlation between an active HCMV infection, the presence of HCMV DNA in serum or plasma samples, and a positive virus isolation from leukocytes (2, 23) . HCMV DNA was detected at an early stage of HCMV infection, was confirmed after a median interval of 1 week, and remained positive longer than did samples isolated in culture. It was also recently reported for kidney transplant patients that PCR of HCMV from plasma samples had higher sensitivity (68%) than detection of CMV-pp65 leukocytic antigenemia (55%) but did not discriminate as well between clinical HCMV infection and asymptomatic infection (25) . For the seven organ transplant recipients, positive viremia in culture was associated with the presence of HCMV DNA and with high antigenemia levels, except for with one patient (no.
11) who had ganciclovir treatment. For AIDS patients there are more discordant results between culture, HCMV DNA detection, and antigenemia. Samples from two treated patients (no. 3 and 4) were negative for HCMV viremia. The viremia preceded the detection of HCMV DNA for one patient (no. 4) and followed it for two others (no. 2 and 5). For a total of 69 blood samples from these two groups of patients, PCR for HCMV detection in plasma appeared more sensitive than culture for detection of viremia: PCR and culture gave positive results, respectively, for 17 of 32 samples (53%) and 14 of 32 samples (43%) from transplant recipients and for 15 of 37 samples (40%) and 9 of 37 samples (24%) from AIDS patients. However, the conventional culture used in this study was reported to be less sensitive than the shell vial assay (5 (19) and that PCR is capable of detecting the DNA of these defective virions (4) .
The specificity of the PCR used in this study is achieved by the use of a specific set of internal primers, which reacts with a large number of HCMV strains and does not cross-react with the DNA of other herpesviruses or with human cellular DNA (17) , and by direct identification, by their size, of the first and second amplified products after ethidium bromide-stained agarose gel electrophoresis (11) . It (18) . Since many of the progeny HCMV virions are attached to cell fragments, this point is difficult to resolve; more extended studies are necessary for an accurate understanding.
In summary, the findings presented here showed a strong relation between high pp65 antigenemia levels in leukocytes and HCMV DNA in plasma, suggesting that in most disseminated infections with or without HCMV disease in a specific organ(s), virus particles are released from the infected cells into the plasma. Further studies with immunosuppressed patients are necessary to evaluate the precise sensitivities and specificities of these two techniques and to obtain comparative correlations between HCMV infection and disease. The detection of HCMV DNA in plasma by nested PCR is reliable for proving intensive HCMV dissemination in blood, but nested PCR lacks the rapidity and simplicity of the leukocytic pp65 antigenemia procedure.
